Introduction {#section1-1076029618824044}
============

Circulatory shock and disseminated intravascular coagulation (DIC) in sepsis decrease organ perfusion^[@bibr1-1076029618824044],[@bibr2-1076029618824044]^ and cause multiorgan dysfunction that is directly correlated with a fatal outcome.^[@bibr3-1076029618824044],[@bibr4-1076029618824044]^ As a result, the mortality rate nearly doubles, compared to that for patients who do not develop shock or DIC.^[@bibr5-1076029618824044]^ Although anticoagulant therapies for sepsis-induced coagulopathy have been reported since the early 2000s,^[@bibr6-1076029618824044]^ their therapeutic benefit for treating sepsis continues to be debated, and anticoagulant therapy has not been recommended for the treatment of sepsis in the current global treatment guidelines.^[@bibr7-1076029618824044]^ However, subanalyses of large-scale randomized controlled trials (RCTs) examining the effect of antithrombin and activated protein C have shown a trend toward a favorable effect in patients with sepsis with DIC.^[@bibr8-1076029618824044],[@bibr9-1076029618824044]^ Also, recent studies consistently report improved survival after anticoagulant therapy in patients with sepsis-associated DIC, but not in patients with non-DIC.^[@bibr10-1076029618824044],[@bibr11-1076029618824044]^ With respect to antithrombin supplementation therapy, data analyses using the Japanese Diagnosis Procedure Combination database have repeatedly shown beneficial effects on survival.^[@bibr12-1076029618824044],[@bibr13-1076029618824044]^ As a result, the Japanese Clinical Practice Guidelines for the Management of Sepsis and Septic Shock 2016 recommend the use of antithrombin for sepsis-associated DIC.^[@bibr14-1076029618824044]^

Although the 28-day mortality rate continues to be the gold-standard end point for evaluating therapeutic approaches in sepsis studies, the development of additional methods to evaluate outcomes may be useful for better understanding potential anticoagulant strategies for treating DIC and for furthering the development of strategies to overcome this critical condition.^[@bibr15-1076029618824044]^ In an RCT, Gando et al^[@bibr16-1076029618824044]^ reported a significant improvement in the DIC score after antithrombin supplementation in patients with sepsis-associated DIC, but with no apparent survival benefit, probably because the number of patients was insufficient to demonstrate an improvement in survival. Of note is the need to include morbidity in evaluations of efficacy, as suggested by Vincent et al.^[@bibr17-1076029618824044]^ Thus, the primary objective of the present study was to search the additional indicators for evaluating the effectiveness of antithrombin therapy in patients with DIC.

Patients and Methods {#section2-1076029618824044}
====================

Data Collection {#section3-1076029618824044}
---------------

Data from multi-institutional, postmarketing surveys performed between June 2014 and May 2016 by Nihon Pharmaceutical were utilized for the analysis.^[@bibr18-1076029618824044]^ A total of 498 patients with sepsis with coagulopathy who were treated with antithrombin concentrate (Nihon Pharmaceutical Co Ltd, Tokyo, Japan) were registered in the survey. Among them, the data sets from 175 patients did not have the sequential organ failure assessment (SOFA) score of either day 1 or day 7 and those data sets were eliminated from the study. Finally, 323 data sets were utilized for the analysis. Each patient received 30 to 60 IU/kg/d of antithrombin concentrate for 3 consecutive days unless the patient died or treatment was stopped for any justifiable reason. All but 6 of the patients fulfilled the Japanese Association for Acute Medicine (JAAM) DIC criteria,^[@bibr19-1076029618824044]^ while 280 (86.7%) fulfilled the International Society on Thrombosis and Haemostasis overt-DIC criteria at baseline. The SOFA score was calculated on days 1 (before treatment), 2, 4, and 7.^[@bibr20-1076029618824044],[@bibr21-1076029618824044]^ The overt-DIC score^[@bibr22-1076029618824044]^ and the JAAM DIC were recorded on days 1, 2, 4, and 7, and the changes in each indicator between day 1 and day 7 were defined as the Δ SOFA score, the Δ overt-DIC score, and the Δ JAAM DIC score, respectively. The patients' outcomes on day 28 were also recorded. If the patient died before day 7, the Δ SOFA score, Δ overt-DIC score, and Δ JAAM DIC score were calculated based on the data obtained on the last day of observation.

Ethics, Patient Consent, Study Permissions, and Consent to Publish {#section4-1076029618824044}
------------------------------------------------------------------

The survey was conducted in accordance with the Declaration of Helsinki and Good Vigilance Practice and Good Post-marketing Study Practice. Although the Japanese Ministry of Health, Labour and Welfare judged that the patients' agreement was not necessary for this survey, the patients' agreement and consent were obtained when required by the ethics committee of each hospital. The complete anonymization of personal data was performed upon data collection, and the identification of individual patients was impossible; thus, the Institutional Ethics Committee of Juntendo University judged that consent to publish was not required.^[@bibr18-1076029618824044]^

Statistical Analysis {#section5-1076029618824044}
--------------------

The numerical values in the text and tables represent the median and interquartile range. Differences in patient characteristics between survivors and nonsurvivors were examined using the Fisher exact test or an unpaired Wilcoxon signed-rank test. The association of the Δ SOFA score, the Δ overt-DIC score, and the Δ JAAM DIC score was measured using the coefficient for the slope between each indicator and the 28-day mortality. The overall mortality effect explained by each indicator was quantified using the regression coefficient of determination (*R* ^2^). The results were reported as the slope of the logistic regression, the odds ratios (ORs), the 95% confidence intervals (CI), the *P* values, and *R* ^2^. The area under the receiver operating characteristic (ROC) curve (AUC) was used to discriminate between factors with and those without an association with the 28-day mortality rate. The Youden index was calculated for each score as the cutoff offering the best sensitivity and specificity to predict mortality. The mortality differences were examined between patients who showed an improvement in their Δ SOFA score and those who did not show any improvement. The relationships between the improvement of scores and the mortality were also examined with regard to the DIC scores. For all the analyses, a *P* value \<.05 was considered to denote statistical significance. The abovementioned analyses were performed using SPSS 13.0 for Windows (SPSS Inc, Chicago, Illinois).

Results {#section6-1076029618824044}
=======

Among the 323 patients, 235 (72.8%) patients survived, while 88 (27.2%) patients died. [Table 1](#table1-1076029618824044){ref-type="table"} shows the baseline characteristics of the patients. The median age of the survivors was 73 years, while that of the nonsurvivors was 79 years (*P* \< .001). The gender distribution was similar between the survivors and the nonsurvivors. The most common suspected infection focus was the respiratory tract, and the prevalence of this focus was higher among nonsurvivors (25.1% among survivors vs 47.7% among nonsurvivors, *P* \< .001). Regarding the coagulation and organ failure profiles, the overt-DIC score, JAAM DIC score, and SOFA score were higher among the nonsurvivors (*P* \< .001, \< .040, and \< .001, respectively).

###### 

Baseline Characteristics of the Patients.

![](10.1177_1076029618824044-table1)

  Characteristics                     Survivors, n = 235   Nonsurvivors, n = 88   *P* Value   Missing Value
  ----------------------------------- -------------------- ---------------------- ----------- ---------------
  Age, years                          73.0 (64.0-80.0)     79.0 (70.0-85.0)       \<.001      0
  Sex, male/female                    148/87               61/27                  .299        0
  Overt-DIC score                     4.0 (3.0-5.0)        5.0 (4.0-6.0)          \<.001      43
  JAAM DIC score                      5.0 (4.8-6.3)        6.0 (5.0-7.0)          .040        6
  Antithrombin activity               47.4 (39.0-57.6)     44.0 (34.5-51.3)       .005        8
  Total SOFA score                    11.0 (7.0-13.0)      13.0 (10.0-16.0)       \<.001      0
   Respiratory score                  2.0 (1.0-3.0)        3.0 (2.0-3.8)          \<.001      0
   Coagulation score                  2.0 (1.0-3.0)        2.0 (1.0-3.0)          .357        0
   Hepatic score                      0.0 (0.0-1.0)        1.0 (0.0-2.0)          .055        0
   Cardiovascular score               3.0 (1.0-4.0)        3.0 (2.0-4.0)          .146        0
   Neurological score                 2.0 (1.0-3.0)        3.0 (2.0-4.0)          \<.001      0
   Renal score                        1.0 (0.0-2.0)        2.0 (1.0-3.0)          .059        0
  Suspected source of infection (%)                                                           
   Respiratory tract                  59 (25.1)            42 (47.7)              \<.001      0
   Digestive tract                    72 (30.6)            20 (22.7)              .202        0
   Urinary tract                      28 (11.9)            10 (11.4)              1.000       0
   Biliary tract                      27 (11.5)            8 (9.1)                .686        0

Abbreviations: DIC, disseminated intravascular coagulation; JAAM, Japanese Association for Acute Medicine; SOFA, sequential organ failure assessment.

[Table 2](#table2-1076029618824044){ref-type="table"} summarizes the relationship between each indicator and the mortality end points. Significant correlations were observed between all the indicators and the mortality rate (*P* \< .001, respectively). The slope and OR were similar for the Δ SOFA score, Δ overt-DIC score, and the Δ JAAM DIC score. Overall, the *R* ^2^ statistic showed that 31.5% of the mortality effects were explained by the Δ SOFA score. The *R* ^2^ values of the Δ overt-DIC score and the Δ JAAM DIC score were 8.2% and 12.4%, respectively. The sensitivity, specificity, positive predictive value, negative predictive value, and accuracy are summarized in [Table 3](#table3-1076029618824044){ref-type="table"}. The specificity and accuracy of the Δ SOFA score for the prediction of 28-day mortality were higher than those of the Δ overt-DIC score (*P* \< .001, respectively).

###### 

Comparison of the Predictive Values of Δ SOFA Score, Δ Overt-DIC Score, and Δ JAAM DIC Score.

![](10.1177_1076029618824044-table2)

               Δ SOFA Score   Δ Overt-DIC Score   Δ JAAM DIC Score
  ------------ -------------- ------------------- ------------------
  Slope        0.323          0.339               0.324
  Odds ratio   1.381          1.403               1.383
  95% CI       1.264-1.508    1.152-1.709         1.203-1.590
  *P* value    \<.001         \<.001              \<.001
  *R* ^2^      0.315          0.082               0.124

Abbreviations: CI, confidence interval; DIC, disseminated intravascular coagulation; JAAM, Japanese Society for Acute Medicine; SOFA, sequential organ failure assessment.

###### 

Accuracy of Δ mSOFA Score, Δ overt-DIC Score, and Δ JAAM DIC Score to Predict 28-day Mortality in Patients With Sepsis-Associated DIC and Treated With Antithrombin.^a^

![](10.1177_1076029618824044-table3)

                Δ SOFA Score (%)   Δ Overt-DIC Score (%)   Δ JAAM DIC Score (%)
  ------------- ------------------ ----------------------- ----------------------
  Sensitivity   72.7               68.3 (NS)               70.7 (NS)
  Specificity   83.4               66.0 (*P* = .001)       77.0 (NS)
  PPV           62.1               45.3                    54.1
  NPV           89.1               83.5                    87.3
  Accuracy      80.5               66.7 (*P* \< .001)      75.3 (NS)

Abbreviations: DIC, disseminated intravascular coagulation; JAAM, Japanese Society for Acute Medicine; NPV, negative predictive value; NS, not significant; PPV, positive predictive value; SOFA, sequential organ failure assessment.

^a^The statistical difference was calculated between Δ SOFA score and Δ overt-DIC score and between Δ SOFA score and Δ JAAM DIC score.

[Figure 1](#fig1-1076029618824044){ref-type="fig"} shows the ROC curves of the Δ SOFA score, Δ overt-DIC score, and Δ JAAM DIC score for mortality. The AUCs for the 3 indicators were 0.812 (95% CI, 0.762-0.863, *P* \< .001), 0.653 (95% CI, 0.572-0.735, *P* \< .001), and 0.677 (95% CI, 0.606-0.748, *P* \< .001), respectively.

![Comparison of the receiver operating characteristic (ROC) curves for the Δ SOFA score, the Δ overt-DIC score, and the Δ JAAM DIC score for mortality. The ROC curves for 28-day mortality of the changes from baseline to day 7 in the modified sequential organ failure assessment (SOFA) score (solid line), the overt-DIC score (dotted line), and the Japanese Association for Acute Medicine (JAAM) DIC score (dashed line) are shown. The areas under the ROC curves (AUCs) for the 3 indicators were 0.812, 0.655, and 0.693, respectively.](10.1177_1076029618824044-fig1){#fig1-1076029618824044}

Discussion {#section7-1076029618824044}
==========

The improvement in the 28-day mortality rate has long been used as the primary end point for sepsis trials. However, patient outcome is affected by many factors other than treatment or infection-related events. Patients with severe sepsis who develop shock and DIC and survive in the hospital for only a few days are included in conventional 28-day mortality assessments, and evaluating the 28-day mortality rate may miss some of the potentially beneficial effects of initial interventions.^[@bibr23-1076029618824044]^ Therefore, the evaluation of therapeutic agents based on differences in 28-day mortality might not be adequate under specific conditions.^[@bibr15-1076029618824044]^ Pocock et al^[@bibr24-1076029618824044]^ proposed changing the outcome measure as an option when the primary outcome of the study fails, and one candidate for a surrogate end point is the SOFA score. The usefulness of serial evaluations of the SOFA score to predict outcome among critically ill patients has been previously reported.^[@bibr25-1076029618824044]^ The idea of using the delta (Δ) SOFA score (ie, the trajectory from the baseline score) as an end point for studies examining treatment effects in critically ill patients was first proposed by de Grooth et al.^[@bibr26-1076029618824044]^ They analyzed 87 RCTs and recommended using Δ SOFA, rather than a fixed-day SOFA. This approach is interesting because Δ SOFA seems to be a more direct and faster measure in relation to the effects of antisepsis therapies.

With regard to the usefulness of the dynamic change of DIC score, Park et al^[@bibr27-1076029618824044]^ reported that the change in DIC score was significantly associated with the hospital mortality. In the present study, we compared the predictive performance of the Δ SOFA score, Δ overt-DIC score, and Δ JAAM DIC score relative to the 28-day mortality rate and found that the performance of the Δ SOFA score was superior to those of the DIC scores. We previously reported the usefulness of the JAAM DIC score for evaluating the treatment effect of anticoagulant therapies.^[@bibr28-1076029618824044]^ In the present study, the AUC of the Δ SOFA score was higher than that of the Δ JAAM DIC score, and the predictive performances of the Δ SOFA score (specificity, negative predictive value, and accuracy) all exceeded 80%. Though the present study should be repeated in another series of patients, we think that the performance of this measure is sufficient. Of note, de Grooth et al also reported that the Δ SOFA score was strongly associated with mortality, explaining 32% of the treatment effects on mortality, and this finding was consistent with the results of our present study. Though we reported the usefulness of measuring Δ SOFA score, we have to keep in mind that these kinds of disease-oriented end points do not always correspond with the most important patient-oriented outcomes.^[@bibr29-1076029618824044]^

The timing of SOFA evaluations is an important issue. Dhainaut et al^[@bibr30-1076029618824044]^ reported that the continuation or worsening of coagulopathy during the first day of sepsis was associated with increases in the development of new organ failure and the 28-day mortality rate. In the present study, we did not compare the performances of the Δ SOFA score at an earlier time. However, we previously reported that the mortality rate of patients whose JAAM-DIC score recovered before day 4 was 7.9%, while that of patients whose score had not recovered by day 7 was 58.2%.^[@bibr31-1076029618824044]^ Furthermore, we previously examined the changes in the JAAM DIC score after 3 days of antithrombin substitution and reported that the AUC for the Δ day 4 JAAM DIC score for 28-day mortality was 0.69.^[@bibr28-1076029618824044]^ Since the AUCs of the Δ day 4 JAAM DIC score in the previous study and the Δ day 7 JAAM DIC score in the present study were almost identical, the predictive value of the Δ SOFA score might also be comparable to that at an earlier timing, and this possibility should be examined in additional studies.

This study has some limitations. First, it should be reminded that the current study was an observational study and therefore could only show a statistical association to the mortality. Second, this study could not establish whether antithrombin influenced the SOFA score or DIC scores. The efficacy of antithrombin for improving overall mortality in sepsis has not been confirmed in the sufficiently powered RCT. Furthermore, since antithrombin is not widely used in the rest of the world, it may not be possible to generalize the results. Although the effectiveness of supplementation therapy has been repeatedly reported^[@bibr12-1076029618824044],[@bibr13-1076029618824044]^ and antithrombin use is recommended for sepsis-associated DIC in the Japanese treatment guidelines,^[@bibr14-1076029618824044]^ its efficacy should be confirmed in adequately powered RCT.^[@bibr32-1076029618824044]^ After all, the usefulness of Δ SOFA score and Δ DIC scores should also be examined in the patients with sepsis-DIC who are not treated with antithrombin.

Conclusions {#section8-1076029618824044}
===========

The Δ SOFA score can be used to predict the outcomes of patients with sepsis-induced DIC who are treated with antithrombin. Since the calculation of the Δ SOFA score is relatively easy and is a component of routine ICU care, its use is applicable in studies examining sepsis. The use of this score may provide an additional means of evaluating the effectiveness of treatments for sepsis-associated DIC at an earlier stage. These results should be examined in the future prospective study performed in septic DIC cohort and not treated with antithrombin.
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